Since 1902, Conradi, Meissner, Laschtschenko, Gengou, Turro, and Kuttner,' have described antibacterial substances which they have extracted from tissues and leucocytes. A careful examination of their work shows that in no case were they dealing with the substance lysozyme. This was first described by Fleming who, having isolated an organism which he called Micrococcus lysodeicticus (signifying capable of being dissolved), observed that a saline suspension of this organism was quickly dissolved by a very high dilution of normal nasal mucus.
He also found that when a drop of nasal mucus was placed on the surface of an agar plate, this organism, Micrococcus lysodeicticus, would not grow in that area however thickly it was planted. 'He gave the name lysozyme (lytic enzyme) to the substance responsible for this remarkable phenomenon.
Soon after these initial observations were made, Fleming was joined by Allison and, when no special reference is made, the research quoted in the first section of this paper was carried out jointly by them. I take this opportunity of thanking Dr. Fleming for the help and advice which he has always given to me in my own work in connexion with lysozyme. l?Conradi, Beitr. f. Chem., Physiol. und Pathologie, 1902 , i. Meissner, Zeitschr. f. Hygiene und Infektion8krankheiten, 1912 Laschtschenko, Zeitschr. f. Hygiene, 1909 , lxiv. Gengou, Annales Institut Pasteur, 1922 Turro, C. R. Soc, Biol., 1921, clxxxiv. Kuttner, Proc. Exp. Biot. and Properties of Lysozyme. All its properties point to lysozyme as being an enzyme. In the pure state (as obtained by Wolff) it is a yellow amorphous powder which is easily soluble in water and saline solution. It is not destroyed by desiccation below 400 C. and retains its potency for many months, as is shown by the fact that it is present in large quantities in commercial egg white. It is destroyed by temperatures exceeding 750 0. in a short time: it acts most rapidly at 600 0., but very efficiently at body temperature. A trace of free acid or alkali inhibits its fction, and any excess quickly destroys the enzyme. Lysozyme is an electro-positive or electro-neutral colloid and is adsorbed by many bodies in suspension. It cairnot be filtered in the ordinary way. When the filter is saturated, however, the enzyme will pass through unhindered. It will not pass through parchment or collodion membranes, and therefore may be purified by dialysis. Peptic and tryptic digestion have no effect on the enzyme.
Wolff's work on its chemical nature shows that lysozyme gives none of the reactions for protein and, in fact, contains neither nitrogen, phosphorus, nor sulphur.
Effect of Lysozyme on Injection into the Rabbit. Wolff has shown that lysozyme is fixed by lecithin and fats as an adsorption compound. This property accounts for the disappearance of lysozyme on intravenous or subcutaneous injection into an animal, although less than 4 per cent. is excreted in the urine. By suitable means the greater part of the lysozyme so injected can be recovered, and Wolff regards fixation by fats as the probable means of storage of the enzyme in the body.
Following upon this he showed that, although a watery extract of egg yolk contains only a trace of lysozyme, the yolk actually contains as much as egg white itself.
Wolff has also shown that no anaphylactic phenomena are to be observed in response to injection of lysozyme into an animal. On subconjunctival injection only a slight redness lasting twenty-four hours is seen.
The Phenomena of Lysis.
Lysozyme differs from other bactericidal substances, such as exist in the bloodserum, in that it is not itself used up in producing lysis of M. lysodeicticus. If a large amount of solid culture is added to a small amount of very dilute lysozyme solution the whole becomes clear and more organisms may be added until the mixture becomes gelatinous. If this gelatinous mass is now dissolved in normal saline the lysozyme titre is found not to be diminished.
The most striking property of lysozyme is its ability to produce lysis of an opaque suspension of the Micrococcits lysodeicticus and certain other bacteria. In this process a previously opaque suspension becomes perfectly clear with remarkable rapidity. As seen under the microscope the organisms swell up, lose their outline and disappear. If partially lysed organisms are stained, only minute particles not unlike the granules of the polymorphonuclear leucocyte are seen. As lysis proceeds these, too, disappear. The enzyme therefore produces complete disintegration of those organisms which it attacks by lysis. It has also been shown that it is capable, in high concentrations, of killing pathogenic bacteria without obvious lysis.
The Power of Lysozyme as an Antiseptic.
Some idea of the power of lysozyme may be conveyed by the observation that 1 grm. of the pure enzyme would confer the characteristic property of dissolving a, suspension of M. lysodeicticus upon 100 million gallons of normal saline. Lysozyme (tears) was compared with a large number of antiseptics in dilutions which can be employed therapeutically. To do this small discs of filter paper, each soaked in an antiseptic, were embedded in agar, and the plate planted thickly with M. lyrodeicticus. No antiseptic tested compared with the enzyme in its power to inhibit the growth of this organism.
Estimation by Lysis.
The rapidity with which lysis proceeds depends upon the hydrogen-ion concentration, the salt content and the temperature. This offers a method of estimating the amount of lysozyme in a given solution, in that we may state the highest dilution of the material to be tested which is capable of completely clearing a standard suspension of M. lysodeicticus at a constant temperature in a given time.
Lysozyme Content of Various Tissues and Secretions. Using this method of estimation, the following results for different tissues and secretions were obtained. Some lysozyme was found in all the animal tissues and secretions examined, except cerebro-spinal fluid, urine and fices. Some vegetables, notably turnips, and the white of eggs, both fowl and fish, contain the enzyme.
In man it is present in great concentration in leucocytes and cartilage, and in tears, nasal mucus, and sputum. Taking the concentration in tears as 100, the proportion may be represented roughly as follows: tears 100, leucocytes 100 -, sputum 33, nasal mucus 33, saliva 1, and cartilage, 10. Egg white contains about 200 units. Among pathological fluids pus, alone, contains a considerable amount of lysozyme, about 5 units. It is possible, in view of Wolff's work on the fixation of lysozyme by lecithin and fats, that estimations of the enzyme extracted from tissues by water indicate only the available lysozyme and not the total lysozyme content.
No investigation of the latter has been made.
The Action of Lysozyme on Bacter-ia.
Much work has been done on the action of lysozyme on bacteria. The effects produced may be divided into killing with lysis; killing without demonstrable lysis, and inhibition of growth-depending upon the concentration of the lysozyme and the resistance of the particular organism to its action. Fleming showed that when material containing lysozyme is placed in a trough cut in an agar plate, and this is flooded with a second layer of agar, lysozyme will diffuse through the agar, and a zone of lysozyme-containing medium will be formed. If, now, M. lysodeicticus is thickly planted all over the plate, the following results are to be observed on incubation. In twenty-four hours a clear zone, adjacent to the lysozyme, appears in the midst of a dense growth of the organism. In this zone it appears that all the organisms have been destroyed-the zone of primary lysis. In the course of several days a second clear zone appears which spreads up to two centimetres from the focus of lysozyme. This is called the zone of secondary lysis. It is due to a slow diffusion of lysozyme which dissolves the massive culture which grew in that area in the first twenty-four hours. After two or three weeks a remarkable change takes place. A few small isolated colonies appear in the zones of primary and secondary lysis. These, on examination, prove to be M. lysodeicticus, and it is found that they are very much more resistant to lysis than the original organismsas much as thirty times. This property is maintained on subculture on ordinary media for a very long time, and it must be presumed that in an ordinary culture of the organism there is a very small proportion of organisms so resistant to the action of lysozyme that they will survive in a state of inhibition. The fact that such resistant bacteria retain this property on subculture indicates a way in which an organism, previously destroyable by a given concentration of lysozyme, might acquire the power not only of withstanding that concentration but of growing in spite of it. It is not possible, however, to develop this power indefinitely, and after growing a strain of M. lysodeicticus in the highest lysozyme titre it would tolerate for a period of ninety-one weeks, its resistance was only eighty times that of the normal coccus. The ability to achieve a high lysozyme resistance relative to that of the normal organism has been demonstrated for many organisms, including Streptococcus faecalis, which, although destroyed by a dilution of about one in 400 of normal tears, nevertheless can become pathogenic for man. Thus it is clear that an organism which is unable to withstand the concentration of lysozyme present in a given tissue or secretion could never invade that tissue or secretion. This gives a broad division, so far as lysozyme is concerned, into pathogenic and non-pathogenic organisms.
If we establish what is the " normal" content for a' particular tissue or secretion we may further subdivide all organisms into three groups : (i) those which are incapable of developing resistance to the normal lysozyme content; (ii) those which, normally not resistant, may develop resistance to a normal lysozyme content, and (iii) those which in ordinary culture contain so many resistant individuals that they will grow despite a normal lysozyme content. Thus, we may say for a particular organism whether or not it could ever invade a tissue area of which the lysozyme titre is known.
A hundred and four strains of air-borne bacteria, mostly cocci, but containing a few bacilli and yeasts, all of which were presumably non-pathogenic, were isolated from plates which had been exposed in the laboratory. The lysozyme resistance of all these organisms was tested, and it was found that 75 per cent. were dissolved by w9y tears or 1nB sputum. The exceptions were mainly moulds and yeasts. The coincidence of non-pathogenicity and ready lysis is strikingly demonstrated by this investigation.
The work which has been done on pathogenic organisms divides itself naturally into investigations by (1) observation of bactericidal and bacteriolytic power, and (2) observation of growth in medium containing lysozyme. The first work was done on faecal streptococci, for which it was shown that sixteen out of nineteen strains showed definite lysis by 1 in 100 tears. Fleming investigated a large number of pathogenic organisms, using lysis by -iA? to Tfn tears as his test.
He showed that sixteen out of twenty-two strains of faecal streptococci, and two out of four strains of staphylococci, showed some lysis, but failed to observe any effect for the other pathogenic bacteria. He made the striking observation that the Bacillus abortus of Bang, and the Bacillus pseudo-tubercutlosis rodentium showed definite lysis. These organisms are culturally and serologically identical -with M. melitensis and B. pestis respectively. Both the latter organisms show no lysis and are very pathogenic for man, whereas the former organisms, which show lysis, although pathogenic to some animals, are harmless to man. This investigation by lysis was continued, using n egg (equivalent to 1 tears) as the source of lysozyme, and incubating suspensions of various organisms in this medium. He observed that while one-fifth egg concentration had no action on several strains of staphylococci, a concentration equal to egg-white had a definite bactericidal power. -The inhibitory action of lysozyme was investigated by Fleming and Allison, by incubating a dilution of a broth culture to which one-tenth egg-white had been added, and comparing the number of organisms which grew on explanting, after three to six hours, with the number which grew on explanting, from a control culture, in broth to which no egg had been added. They were able to show marked inhibition for staphylococci, Streptococcus pyogenes, Bacillus coli, anthracis and typhosus.
This work shows that most of the pathogenic bacteria are affected by lysozyme if an adequate titre is employed.
The Relation of Lysozyme to Bacterial Infection.
I was led to investigate lysozyme by the fact that cultures obtained from cases of keratitis and conjunctivitis lost virulence on repeated subculturing on ordinary media. By employing a suitable technique it was possible at first to transmit these diseases to rabbits in all the cases investigated. The fact that where a rabbit's eye remained infected with the same organism for a long period (four months in one case), the cultures obtained were always virulent, suggested that there might be some property in tears, as distinct from ordinary media, which maintained the virulence of the infecting organism. Lysozyme afforded a probable explanation of this. My first investigation was to see whether an organism which had lost virulence in the manner described had lost its resistance to lysozyme. Agar, to which had been added a known amount of tears or egg-white, was used as medium and this was planted with suitable dilutions of a broth culture of the organism (a staphylococcus) to give countable colonies. Very few colonies grew on egg-agar plates containing one-quarter egg. The organisms which did grow, however, were now virulent for the rabbit's eye. Several strains of staphylococci were tested, using plates containing serial dilutions of egg-agar, and it was found that even virulent organisms, such as hemolytic staphylococci recently isolated from a boil, showed complete inhibition for twenty-four hcurs in a concentration of lysozyme equal to half tears, although in dilutions of less than one-quarter tears the cocci grew uninfluenced by the lysozyme. After forty-eight hours, 60 per cent. of the organisms planted had appeared as very attenuated colonies in dilutions up to the equivalent of normal tears, but beyond this point the number of colonies surviving was progressively smaller. After several days, 60 per cent. of the organisms grew up to a concentration equivalent to twice tears, showing partial killing and partial inhibition for virulent staphylococci. A similar result was obtained for hiemolytic streptococei. It appeared from this that a considerable fall in the lysozyme content of tears might enable staphylococci and streptococci to infect an eye which, had it had a normal concentration, would have been relatively immune. To test this, the following experiment was carried out. Normal human tears, which differ from normal saline only inasmuch as they contain lysozyme and a trace of albuminl and globulin, were adapted by the addition of 10 per cent. of human serum, or 10 per cent. peptone, to form a suitable medium for the growth of various bacteria, using similarly adapted normal saline as a control. The tears so modified were diluted with similarly modified saline in the proportions of three-quarters, one-half, and one-quarter. Fifty c.mm. of each of these dilutions, and of the control, was taken up in capillary pipettes and mixed with 2@5 c.mm. of a suitable dilution of a twenty-four-hour broth culture of the organism to give countable colonies on explanting 2x5 c.mm. of the mixture on to ordinary media. The same number of colonies was obtained on immediate explanting in both whole tears and in the control, but after six hours' incubation no colonies grew of any of the organisms affected, viz., staphylococci (three strains), streptococci-hamolytic and faecal (two strains), pneumococci and cholera. This means that the cultures employed, all of which, except cholera, had been recently isolated, contained less than one-half per cent. of organisms which were not actually killed by the lysozyme concentration of tears. At twelve hours a number of surviving organisms grew, even in whole tears, but in no case was the growth comparable with the control. The strains of B. coli and typhosus tested showed no effect and grew normally in six hours. The result obtained for pneumococci (which were at their maximum virulence for mice) was striking, since they grew normally in threequarter tears, but were killed by whole tears. That the same number of pneumococci was introduced into the whole tears is proved by the fact that the same count was obtained in this pipette and in the control on immediate explanting.
Boiling the tears destroys this bactericidal power completely, and this, therefore, cannot be due to the salts contained in the tears as has been suggested (see fig. 1 , p. 64).
It follows from these experiments that an eye whose tears contain a normal concentration of lysozyme is immune to infection by the staphylococci, streptococci, pneumococci, or cholera tested. It will be recalled that among other pathogenic bacteria the gonococcus, meningococcus and B. anthracis are readily killed by a concentration of lysozyme equal to that of tears. Thus, normal tears present a barrier to infection by any of these organisms. The tubercle bacillus which is not dissolved is nevertheless killed by a concentration equal to twice tears, as was shown by Wolff.
The Imtportance of Concentration of Lysozyme.
All the observations made point to the concentration of lysozyme in normal tears, sputum, nasal mucus and leucocytes, as being only a fraction greater than that which is necessary for lysozyme to act effectively upon the pathogenic bacteria. Where the body tissues are not protected by an efficient blood-supply, as in cartilage, they themselves contain a high titre. The eye and respiratory tract produce secretions which contain an adequate concentration of lysozyme. Since concentration is an essential factor in the action of lysozyme, and since for the destruction of the pathogenic bacteria the normal concentration appears to be just adequate, an accurate means of estimation had to be evolved to detect much smaller differences than had been observed hitherto.
Estimation of Lysozyme. The technique which I now employ is as follows: A dilution of the material to be tested is made into broth. From this a series of broth dilutions diminishing by one-fifth is made in small glass tubes of about 2 c.c. capacity contained in racks of ten. To each of these tubes is now added the same volume of melted agar (2 per cent.) at a temperature up to 600 0. which will not coagulate any protein present. These broth-agar dilutions are thoroughly mixed and then "sloped." Each tube thus forms a small agar slope whose lysozyme concentration expressed as a dilution of the material tested is known.
Each of these slopes is now planted with the same amount (about 1 c.mm.) of a saline suspension of the test organism (twenty-four hours culture), adjusted to correspond exactly with a Nephelometer No. 1 suspension, and then incubated for eighteen to twenty-four hours. The test organism which I use is not M. lysodeicticus, but an organism which was isolated from the air. It is a Gram-positive cocco-hacillus and grows luxuriantly on all ordinary media. It occupies an intermediate position as regards its susceptibility to lysis, growing at a dilution of 1 in 3,000 tears, as tested by the above technique as contrasted with 1 in 40,000 for M. lysodeicticus. The organism gives a sharp end-point-one tube showing no growth and the next growth indistinguishable from that on ordinary agar. Using this method of estimation a factor of error not exceeding 10 per cent. is easily obtained and the method is capable of giving results accurate to 5 per cent.
The Unit of Lysozyme. Normal human tears, which are constant in their lysozyme content and easily obtained, afford a suitable standard of concentration. Tears have the advantage, as compared with egg-white, that they contain only a trace of protein. The lysozyme content of all the material tested has, therefore, been expressed as a percentage of that of normal tears.
The Lysozyrne Content of Leucocytes.
The remainder of this paper will be devoted to a consideration of the actual concentration of lysozyme present in normal leucocytes, and in tears in health and disease.
Fleming and Allison first showed that the blood-serum contains lysozyme as tested by lysis of M. lysodeicticus. They showed also that the polymorpbonuclear leucocytes contain lysozyme in very high concentration. This was substantiated by the observation that bacteria, notably various strains of faecal streptococci, which had been made resistant to lysozyme, had thereby acquired a striking resistance to intracellular digestion in leucocytes, and to the bactericidal power of whole blood as tested by the slide-cell technique.
Employing the solid medium technique of estimation which has been described but using M. lysodeicticus as the test organism in order to obtain a reading for very small concentrations, I was able to show that as contrasted with 48,000 units for normal tears the following values may be given for divisions of whole blood (the corpuscles of which had been disintegrated by freezing): whole blood 32 units, serum 5 units, defibrinated blood 30 units, defibrinated deleucocyted blood 4 units. It will be seen from a consideration of these figures that when the leucocytes of the blood are destroyed and their lysozyme diffused into the blood, they contribute not less than 30 -5 = 25 units of lysozyme to it.
Since the polymorphonuclear leucocytes represent roughly -nlpth part of the blood volume, the concentration of lysozyme within the leucocyte must be 2,000 x 25 = 50,000 units-that is about the same as normal tears.
The Imlportantce of the Normal Lysozyme Content of Leucocytes and Tears.
The normal concentration of lysozyme in the tears has been shown to be very little in excess of that necessary for the destruction of the pathogenic bacteria, and this applies to the lysozyme content of the leucocyte also.
The demonstration of a fall in the lysozyme content in disease and of a subsequent rise upon recovery would be very significant. This has been observed in estimations of the lysozyme content of tears, but no work has yet been done in respect of leucocytes. Employing the technique which I have described, the lysozyme content of the tears has been estimated for each eye in more than 100 cases.
Method of Investigation. In each case a flow of tears was provoked by applying a drop of lemon juice with a sterile platinum loop to the conjunctiva of the lower lid at the inner canthus. The tears were collected in a Wright's blood capsule from the outer canthus. A trace of lemon does not influence the reading obtained. The capsules were now labelled and sealed and kept in the ice-chest, pending estimation. In this way the lysozyme, even in tears from an infected eye, may be preserved unchanged for weeks.
Causes of Redteed Lysozyrme in Tears-Epiphora.
A fall in the lysozyme concentration of the tears always accompanies epiphora lasting more than a few hours. All conditions which lead to such a period of epiphora thus expose the eye to immediate danger of infectiotn. In five cases of foreign body retained in the eye for more than three days the concentration in the affected eye was less than 45 per cent., the other eye being normal. Two cases are interesting as showing the significance of such a reduction. In each the foreign body was a particle of stone which had been retained for three days and had produced acute epiphora. In one case the eye was injected only and cleared up at once when the foreign body was removed; in the other acute conjunctivitis and hypopyon ulcer had developed and this was associated with obstruction of the duct on that side and an old-standing chronic dacryocystitis. The organism infecting the sac had not previously invaded the conjunctiva, but did so at once .when the lysozyme titre fell. The patient recovered under treatment, and the lysozyme of the affected eye returned to normal, although the sac infection persisted.
This case indicates, firstly, that a chronic infection may invade a previously immune tissue area if the lysozyme titre in that area falls below 50 per cent., secondly, that the lachrymal gland is able to maintain the titre of its secretion to only a limited extent in epiphora, and thirdly, that recovery from an infection is accompanied by a return to the normal titre of lysozyme.
In sixteen cases of conjunctivitis, both acute and chronic, including several cases of angular conjunctivitis, the infected eye was found to have a reduction of lysozyme to between 30 and 60 per cent.
The unaffected eye was found in most cases to have a normal titre. This reduction of the lysozyme content in the tears of infected eyes was observed in all the cases investigated, including cases of trachoma, corneal ulcer, hypopyon ulcer, phlyetenular conjunctivitis and keratis, and interstitial keratis.
Nine cases of monocular infection having a normal concentration in the unaffected eye, were followed up by repeated estimation, and in each case recovery was associated with a return to normal titre in the affected eye.
In three cases of obstructed lachrymal duct without conjunctivitis the concentration was normal in the affected eye.
General Causes of Lysozyme Reduction.
Finlay observed that in growing rats deprived of Vitamin A a condition of keratotalacia developed, and that this was associated with a fall of lysozyme in the tears. He also observed that if a drop of human tears was introduced into the conjunctival sac from time to time, the onset of this condition could be delayed.
In six cases of early lhlyctenular disease, and in four cases of recent interstitial keratitis, it was noticed that the lysozyme titre of both eyes was below 55 'er cent. of normal, although in two of the former and two of the latter only one eye was affected. This low lysozyme titre in the unaffected eye appears to be confined to these two conditions, and may be due to the general ill-health which is associated clinically with them. This would account for the regularity with which these diseases attack both eyes as had happened in six cases of phlyetenular disease and nine cases of interstitial keratitis examined.
The low lysozyme titre observed in these cases may account for the clinical fact that these eye diseases do not recover until the underlying systemic disease or deficiency has been effectively treated. This is of importance in forming a conception of the action of lysozyme in the natural cure of these eye diseases, since it is obvious that local treatment could only raise the titre of the affected eye to that of the unaffected eye, and in cases having a low titre in the unaffected eye this would be inadequate to bring about recovery from the infection.
Further, in five cases of interstitial keratitis which bad received thorough general treatment and were well at the time of examination, the titre in both eyes was over 80 per cent., and in one case, examined three months after complete recovery and when the full course of injections had been given, was 100 per cent. in each eye.
I have observed recently two cases of typical interstitial keratitis-the first (L. S.). in a woman of 33, having a positive Wassermann reaction and typical signs of congenital syphilis. The right eye was first affected and it was noticed, as in other cases, that the lysozyme content of the apparently normal eye was almost equally reduced, 55 per cent. and 60 per cent. respectively. Within a month the second eye became involved, and both eyes are running the usual clinical course. The epiphora common to all acute eye infections has been well controlled by atropine, but the lysozyme content after two months has never risen above 70 per cent. in either eye.
The other case (C. K.) involved the right eye in a boy of 15. He showed no signs of congenital syphilis, and his Wassermann reaction has been repeatedly negative. He was exceptional in that the lysozyme titre of his left eye was from the first normal (see chart). The right eye watered very freely, and its titre remained at about 45 per cent. for six weeks. At the end of this time the epiphora which followed the instillation of atropine was so marked that a change was made to scopolamine. From this time the epiphora became less, the eye improved rapidly both as regards the conjunctivitis and the corneal condition, and within four days the titre of the affected eye rose to normal (100). This has been maintained for three weeks, and the eye is now white and the cornea clearing ;apidly. This case, as contrasted with the last (L. S.), shows the significance of the titre of the normal eye in prognosis. It also shows in a striking manner the importance of lysozyme in recovery from infection and its relation to epiphora. It may be that the estimation of the lysozyme titre of the normal eye in " interstitial keratitis" in its early stages is a useful guide to treatment and prognosis.
The Clinical Importance of the Titre in Cases of Keratitis.
To treatment and prognosis might possibly be added " diagnosis," for the reduction of lysozyme in the normal eye was seen in several cases having positive signs of congenital syphilis, and was not observed in this case which showed no signs of congenital syphilis. it may be considered heretical to attribute interstitial keratitis to a local infection other than the spirochaite, but there is evidence that this may be so. 
KERATITIS.
Left eye, normal, thirteen estimations are shown, in each of which the titre is 100 per cent. (normal tears being estimated as a control in each case).
Right eye, affected (see text). (A) Rise following direct inject-on of the lachrymal gland with atropine. (B) Point at which treatment was changed to scopolamine-an immediate and permanent rise in titre followed. Epiphora was very marked up to the point B, except for a few hours at A, and ceaEel after the point B.
The Action of Atropine in the Eye. It has been observed consistently that epiphora is associated with a fall in the lysozyme titre. When epiphora ceases the lysozyme titre rises, and this has been associated in every case with clinical improvement in the eye condition. It is well recognized that epiphora is much reduced by the instillation of atropine in eye affections, especially of the cornea, and this is commonly attributed to its action as a mydriatic and to its "putting the eye at rest." It is more than this, however, for even painful stimulation of the conjunctiva in an eye thoroughly under the influence of atropine, evokes only a small flow of tears as compared with the normal eye. The lachrymal gland itself must be partially paralysed by atropine instilled into the conjunctival sac. In one case (C. K.), showing acute epiphora and a titre of only 45 per cent., the gland was injected directly with atropine sulphate-epiphora ceased at once, and the titre rose to 70 per cent. in a few hours (see chart). It may be that the action of atropine in producing clinical improvement in infections of the eye, is due to its action in reducing epiphora, and in consequence producing a rise in the lysozyme titre: this reduction of epiphora being due partly to its direct paralysing action on the lachrymal gland, and partly to its action as a mydriatic, whereby reflex stimulation of tear secretion is diminished.
Possible Use of Lysozyme in Treatment. Since lysozyme is tolerated by the tissues in concentrations as great as forty times tears (as has been shown by Wolff), the possibilities of its application in the treatment of bacterial infections cannot be overlooked. Work is proceeding on this question both here and abroad. The preparation of the enzyme in a pure state presents many great difficulties and demands a laboratory specially equipped for the purpose.
As is quoted by Fleming in his first paper on lysozyme, Metchnikoff in his treatise on "Immunity and Infectious Disease," says " Nature, to protect the skin and mucous membranes, does not use antiseptics. The fluids which bathe the surface of the mouth and other mucous membranes are not bactericidal, or very imperfectly so." It is clear from the work which has been done upon lysozyme that this view, which is still generally held, must be changed.
Nature does provide, especially in the tears, a very efficient antibacterial substance, lysozyme, to which must be attributed an important r6le in the prevention of, and recovery from, bacterial infection.
summarized all the work that he (the speaker) had done on the subject. This anti-bacterial substance, which was inhibitory or which dissolved bacteria, according to the degree of concentration in which it was used, was found in places in the body where it was wanted in the nose, the sputum, and in those parts which were constantly being exposed to microbes from the air. The general conception about the secretions and their beneficial action was Ridley: Lysozyrne that they washed the -microbes away, and this they did to a certain extent. But he wondered whether his hearers had tried to wash bacteria out of a test-tube; it required a good deal of water to do so. It was doubtful whether the degree of washing in the case of the eye was worthy of consideration. But there was no doubt that tears had the power of dealing with the ordinary microbes met with, and, in full concentration, were able to deal with the ordinary pathogenic microbes in the eye in a floating state.
It might be said that the lysozyme had also a general antiseptic action. It had been shown that leucocytes had this substance in concentration sufficient to deal with the ordinary pyogenic microbe. The process of phagocytosis was not yet clearly understood. It had been attributed to a tryptic ferment, but ordinary trypsin had no effect on the ordinary pathogenic microbe. There was considerable evidence to support the idea that lysozyme was in some way connected with intracellular digestion.
Mr. Ridley's work on the clinical condition carried the work a stage further, and his observations should have far-reaching results. Egg-white was a good means of getting lysozyme quickly. Wolff, in Holland, isolated this ferment from egg-white, and obtained it many times stronger than the naturally occurring secretion. Therefore it was possible that in the future this ferment would be at the disposal of the profession in a highly concentrated form, in which it could be used for the treatment of infections.
Mr. ERNEST CLARKE (President) said that a vast amount of new infornation had been presented that atropine was given hypodermically to check secretions in most of the glands, and one could understand that it did inhibit the lachrymal gland. It was also of interest to learn that epiphora, if allowed to go on, was damaging by lowering the titre.
